Nevertheless campos rupestres are considered species rich and diverse vegetation formations, phytosociological surveys from the Itacolomi State Park, Minas Gerais, Brazil, are lacking in scientific literature. To close this gap, we compared floristic composition, species richness and diversity from two sites, Lagoa Seca and Calais, both situated within the park. Calais is moderately impacted by extensive pasture, fire, and settling activities. Both surveys contained 15 plots of 10 x 10 m, cardinality of each species was estimated. Beside species richness, the indexes of Shannon-Wiener, Fisher's α, the community richness estimator Jackknife 1 and the numbers of endemic, endangered and invasive species were compared. With 107 species, the moderately impacted Calais showed higher species richness than Lagoa Seca (76 species). The indices of Shannon-Wiener and Fisher's α, the community richness estimator, as well as point diversity and spatial turnover derived from the species-area relationship (SAR) indicated higher diversity for Calais. From Lagoa Seca, 30% of all species are endemic to the Atlantic Rainforest or to Cerrado, and four species are endangered, not any species found in Lagoa Seca is described as an invasive one. On the other hand, 23 species found in Calais are invasive species, only one from all 107 species is endangered. Only 19% of all species found in Calais are endemic. Nevertheless species richness and diversity differ between both study sites, they are exceptionally high compared to similar vegetation formations from further regions. This justifies the declaration of the park as a local hotspot of biodiversity. Furthermore, our results show that species richness or diversity measures are inappropriate criteria to evaluate the intactness of campo rupestre vegetation. More weight should be put on criteria like numbers of invasive, endemic or endangered species.
altitude (Martinelli, Bandeira, & Bragança, 1989) , a term synonym for Brazilian páramos (Safford, 2007) , is restricted to granite and nephelin-syenite soils. Canga (sometimes misleadingly called campo rupestre ferruginoso) is bound to ironstone outcrops or lateric crusts (Jacobi, Carmo, Vincent, & Stehmann, 2007) . Finally, campo rupestre are found on quartzite outcrops or white sand only.
The Espinhaço Mountain Range forms the transition zone between the Atlantic Rainforest and the Cerrado biome definition (Instituto Brasileira de Geografia e Estatística [IBGE], 2004) . In the Iron Quadrangle, the Southern part of the Espinhaço Mountain Range where the Itacolomi State Park is located, a mosaic of campo rupestre, canga, Seasonal Semideciduous Mountain Forests and associated vegetation forms (Dutra, Garcia, & Lima, 2009; Peron, 1989) , forms an extremely species rich and diverse landscape (Fundação Biodiversitas, 2005) .
With at least two species endemic to the park´s campos rupestres (Batista, Bianchetti, Nogueira, Pellizzaro, & Ferreira, 2004; Dutra, Garcia, & Lima, 2008) , the Itacolomi State Park contributes exceedingly to the diversity and species richness of the Iron Quadrangle. Nevertheless, botanical research activities are limited to compile voluminous plant lists (Almeida, 2008) , but systematic phytosociological surveys measuring and comparing biological diversity are widely lacking for this region.
The aim of this paper is to present phytosociological surveys from two study sites within and nearby the Itacolomi State Park focusing on two topics: It is first tested whether the species richness and diversity found within and around the park´s campos rupestres is above average as described from literature. Whittaker (1972) proposed to partition diversity in point diversity from smallest geographic units and spatial turnover reflecting biotic change or species replacement between these units (Magurran, 2004) . Proxies for both partitions are derived from the species-area relationship (SAR) to compare study sites with each other as well as with other surveys from literature. Finally, as both study sites differ in their disturbance regime, different indicators to measure and evaluate the intactness, i.e. the absence of impairments, of campo rupestre vegetation are suggested. Figure 1 .Localization of study sites Description: Localization of Lagoa Seca and Calais, two study sites from campo rupestre vegetation, in relation to South America (A), the Espinhaço Mountain Range (B, grey areas represent regions above 800 m a.s.l.) and the Itacolomi State Park (C).
Material and Methods

Study Sites
The first study site, Lagoa Seca (dry pond in English), is situated near a periodically inundated area at the coordinates 20°26' S and 43°29' W, 1600 m a.s.l (Figure 1 ) within the Itacolomi State Park. The second area, joining the margin of the park and the Ouro Preto urban district of Calais, is located at 20°25' S and 43°30' W at an altitude of 1270 m a.s.l. Distance between both study sites is about three kilometres.
Both areas show a homogeneous, small-scaled mosaic of gramineous vegetation, small shrubs and quartzite outcrops. While Lagoa Seca is well protected from anthropogenic impacts within the Itacolomi State Park, Calais is moderately disturbed by extensive grazing and burning. Settlement activities such as construction and waste deposits also threaten the area.
The climate of the region corresponds to Köppen's climatic type Cwb (Peel, Finlayson, & McMahon, 2007 ) with a rainy summer concentrated from November-March and a dry winter (Nimer, 1989) . The average temperature ranges from 17 to 18.5° C, with an annual precipitation ranging from 1450 to 1800 mm (Werneck, Pedralli, Koenig, & Giseke, 2000) . According to Harley and Simmons (1986) , the climate is moderated by moisture-laden clouds providing humidity as rain or dew throughout most of the year at high altitudes.
Data collection
The phytosociological survey was carried out in February 2009 using the plot method (Mueller-Dombois & Ellenberg, 1974; Newton, 2007) . In each study site, fifteen plots of 10 x 10 m were arranged in three rows. The distance between plots, both within and between rows, was 10 m.
All species within plots were collected, identified and grouped according to The Angiosperm Phylogeny Group ([APG III], 2009). The cardinality of each species was estimated using a combination of abundance (number of individuals or shoots) and vegetation cover as proposed by Reichelt and Wilmanns (1973 , Table 1 ). All the collected specimens were herborized and deposited in the "Professor José Badini Herbarium" (OUPR) of the Federal University of Ouro Preto. 
Floristic Composition
The presence of invasive, endemic and threatened species was verified. Invasive species are exotic species, i.e. species which do not naturally occur in the studied area, as well as ruderal species indicating disturbances or impacts according to Aranha, Bacchi, and Leitão Filho (1982) , Leitão Filho, Aranha, and Bacchi (1982) , and Bacchi, Leitão Filho, and Aranha (1984) . Endemic species are species endemic to the Cerrado or to the Atlantic rainforest biomes or species occurring in both biomes, but lacking in others. The species endemism data were taken from Stehmann et al. (2009) and Forzza (2012 
Species richness and Diversity Measures
The number of species or species richness was compared between both study sites.
The biodiversity indices of Shannon-Wiener and Fisher´s α were calculated for each study site with the software EstimateS (Colwell & Coddington, 1994) . For that, vegetation cover of each species, derived from its cardinality as shown in Table 1 , was used as a measure for abundance.
Based on presence-absence data only, the community richness for each study site was estimated by Jackknife 1. This estimator was calculated with EstimateS (Colwell & Coddington, 1994) .
The Sørensen similarity has been calculated between all 15 plots from each study site with the software EstimateS (Colwell & Coddington, 1994) . Furthermore, Sørensen and Jaccard similarity has been computed between both study sites, using the same computer package.
Species-area Relationships (SAR)
Species-accumulation curves from both surveys were compared. For that, we calculated the average number of species of groups of two, four, seven, and finally all the 15 plots of each survey. Only neighbouring plots were grouped.
The fitting of each species-accumulation curve by the power model S=cA z , where S is the number of species, A is area, c and z are fitting parameters (Arrhenius, 1921) , was defined as species-area relationship (SAR) for surveys. Log-transformation linearizes SAR to the form log(S) = z log(A) + log(c). As log(c), the intercept of the SAR with the y-axis corresponds to the average extrapolated species richness of one quadrat meter, we interpreted it as a proxy of point diversity. The inclination z of the linearized curve describes the differences between plots from each survey and might therefore be interpreted as a proxy for spatial turnover (Condit et al., 1996) .
Results
Floristic Composition
In Lagoa Seca, 76 species from 55 genera and 25 families were found. In Calais the species richness was higher, with 107 species from 82 genera and 33 families ( Table 2 ). The number of species per plot varied between 16 and 33 (on average 23.3 ±4.98) in Lagoa Seca and from 21 to 43 (on average 31.9 ±7.74) in Calais. Twenty two species occurred in both surveys. Forzza (2012) .
The most abundant families in both surveys were Asteraceae, Poaceae, Cyperaceae and Melastomataceae. The family Fabaceae, well-represented in Calais, was absent in Lagoa Seca. Orchidaceae showed a greater richness in the Lagoa Seca area (6 species) compared with Calais (1 species).
From the total of 161 collected species in both study sites, four are considered as endangered according to COPAM (2008) : Richterago amplexifolia, Coppensia warmingii and Stachytarpheta commutata, which occurred only in the Lagoa Seca area, while the fourth, Sporobolus metallicolus, was found in both study sites.
Twenty two species occurring in Calais, but none of those from the Lagoa Seca area, were considered invasive species (Table 2) . Three of them, Melinis minutiflora, Poa annua, and Urochloa decumbens, are species introduced to South America by humans.
From all 161 collected species, 36 were restricted to the Atlantic Rainforest or the Brazilian Cerrado biomes. Twenty three of all endemic species were found in the Lagoa Seca area (30% of all species from this survey), while the Calais survey contained only 20 species endemic to the Atlantic Rainforest or the Cerrado biome (19% of species found within this survey, Figure 2 ). 
Biodiversity Measures
Due to the dominance of Melinis minutiflora in Calais, the indices of Shannon-Wiener as well as Fisher's α show higher biodiversity for the Calais area. The estimator Jackknife 1 indicated lower community richness for the Lagoa Seca area (Figure 3) . Measured using Sørensen similarity, the floristic composition of plots is more homogeneous within the Lagoa Seca survey (0.550 ±0.129) than in Calais (0.453 ±0.123).
The Sørensen similarity between both surveys is 0.240, the Jaccard similarity 0.158. The last point of each series represents survey´s species richness and is therefore a unique integer value lacking standard deviation. 2, No. 3; 2012 The species-accumulation curves of both study sites did not stabilize within the area analysed in both surveys ( , r 2 = 0.9908). Linearized after logarithmic transformation, both regressions showed high significance (Lagoa Seca: F 1;3 = 350.9, p < 0.001; Calais: F 1;3 = 302.8, p < 0.001). This linear regression indicated slightly higher point diversity and spatial turnover for the Calais area (intercept or point diversity: 0.6187 ±0.0679, slope or spatial turnover 0.4519 ±0.0259) than for Lagoa Seca (intercept: 0.5197 ±0.0607, slope: 0.4343 ±0.0232).
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Discussion
Both study sites showed high levels of species richness compared to other phytosociological studies of campo rupestre and similar vegetation forms (Conceição & Giuletti, 2002; Jacobi et al., 2008; Lemes, 2009) . The Shannon-Wiener index showed higher diversity for both study sites in and around Itacolomi State Park than for quartzite-sandstone campos rupestres in the Pai Inácio Mountains, in Chapada Diamantina, Bahia, Brazil (Conceição, Giuletti, & Meirelles, 2007) . These comparisons give further evidences to the high species richness and diversity already related for the park (Almeida, 2008) and the Iron Quadrangle (Fundação Biodiversitas, 2005) justifying the park´s classification as a local hotspot of biodiversity.
The inclination of the linearized SAR is around 0.25 for terrestrial plants (Rosenzweig, 1995) . Within our surveys this value is nearly doubled, with 0.43 (Lagoa Seca) and 0.45 (Calais). This might be a consequence of a small sampling area (Dolnik & Breuer, 2008) and non-contiguous plot design (Dengler, 2008) . Nevertheless, the SAR's high slope values indicated high spatial turnover or beta diversity for the Itacolomi State Park, which have already been described for rock fields in general (Jacobi et al., 2007) .
Low similarities between both study sites reinforce the affirmation of campos rupestres being species rich ecosystems with a high degree of endemism (Giulietti et al., 1987; Menini Neto, Alves, Barros, & Forzza, 2007; Nakajima & Semir, 2001 ) and highlight once more the importance of the Itacolomi State Park.
Similar Shannon-Wiener diversity index values were found for Cerrado vegetation (Neri, Meira Neto, Silva, Martins, & Batistia, 2007) , while Atlantic Rainforest sites -either evergreen or deciduous -of nearby regions are more diverse (Silva,Martins, Meira Neto, & Souza, 2004; Werneck et al., 2000) .
Fisher's α ranges from 25 to 195.1 for tropical forests (Losos & Leigh Jr., 2004) and from 12.60 (±0.73, Andrade et al., 2002 ) to 19.83 (±1.84, Marimon & Haridasan, 2005 Nevertheless both study sites show high levels of species richness and diversity, those of Calais are even higher than that of Lagoa Seca. This is an unexpected result, because Lagoa Seca is the better protected area, while evidences for anthropogenic impacts were found during survey.
Although these impacts were not quantified, more registered species, higher community richness, higher biodiversity indices of Shannon-Wiener and Fisher´s α, lower similarity between plots as well as higher point diversity and spatial turnover in Calais support the intermediate disturbance hypothesis (Connell, 1978) . According to this well accepted hypothesis (e.g. Molino & Sabatier, 2001) , species richness and diversity are at maximum when disturbances are neither too rare nor too frequent because in this case ruderal, invasive or pioneer species are able to coexist with competitive ones. The presence of 22 invasive species contributed to the higher species richness in Calais and supports the hypothesis because anthropogenic disturbances prevent competitive exclusion of these species (Hughes, 2010; Sax & Gaines, 2003) .
However, as outlined by Hughes (2010) , the relationship between disturbance and diversity operates in both directions, since disturbances influence diversity, changing the response to future disturbances (Hughes, Byrnes, Kimbro, & Stachowicz, 2007; Lyons, Brigham, Traut, & Schwartz, 2005) . This and the lack of true replicates within our research impede generalizations. Further surveys are necessary to test the pattern before its final acceptance.
Although there are no true replicates, this study shows that species richness and diversity are poor predictors of the intactness of campo rupestre vegetation. Therefore, further parameters should be consulted for their evaluation (Usher, 1980) . High number of exotic and invasive species decrease the intactness of the species richer Calais. On the other hand, Lagoa Seca holds more endangered species than Calais. Furthermore, there are fewer orchid species in the www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 2, No. 3; 2012 better-accessible Calais. Some of them, especially Coppensia spp. and Epidendrum denticulatum, are popular ornamental plants with market values. Collecting activities in the less protected Calais area might explain the lack of most orchids in this study site.
Recent studies (e.g. Liebsch, Marques, & Goldenberg, 2008, Gastauer & Meira Neto, unpublished data) highlight the presence of endemic species as indicators for habitat intactness. As campo rupestre vegetation from the Espinhaço Mountain Range is situated on the ecotone between the Cerrado and Atlantic Rainforest biome, endemics from both biomes are expected emphasising the transitional character of this vegetation between both biomes (Benites, Caiafa, Mendonça, Schaefer, & Ker, 2003) .
The absolute number of species endemic to the Atlantic Rainforest and the Cerrado biome does not differ between both study sites. But due to higher species richness, the percentage of endemic species is hence less in the impacted Calais than in Lagoa Seca.
We are aware that reduced percentages of endemic species might be due to a dilution effect because of the presence of invasive species increasing overall species richness as observed in Calais. But we can also imagine that endemic species as well as endangered ones show higher risk to go extinct under regimes of high disturbances. Therefore, we suggest the criterion "percentage of endemic species" as an indicator to evaluate the intactness of campo rupestre vegetation in further research activities. The presence of around one third of all species endemic to the biomes Atlantic Rainforest and Cerrado should be used as a reference for further surveys in campos rupestres.
Conclusions
Our study highlights the exceptional species richness and diversity found in the campo rupestre vegetation from the Itacolomi State Park. Intermediate diversity as well as the presence of species endemic to the Atlantic Rainforest and the Cerrado biome underline the transitional character of campo rupestre vegetation from the Espinhaço Mountain Range between both biomes.
We showed that species richness and diversity are poor indicators for the intactness of campo rupestre vegetation and suggest further parameters such as number of endangered, exotic or invasive species, pauperization of ornamental or medical plants as well as percentage of endemic species as more robust indicators. We suggest a magnitude of 30 % of species endemic to the Atlantic Rainforest and the Cerrado biome for intact campos rupestres patches.
